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$\psi_{x}=U\psi$ , $U=\lambda S(x, t)$
$\psi_{t}=V\psi$ , $V= \sum_{k=-\infty}^{\infty}\lambda^{k}V_{k}(x,t)$ .
(1)





$\lambda^{4}$ : $-V_{4x}+[S, V_{3}]=0$ , (2a)
$\lambda^{3}$ : $-V_{3x}+[S, V_{2}]=0$ , (2b)
$\lambda^{2}$ : $-V_{2x}+[S, V_{1}]=0$ , (2c)
$\lambda^{1}$ : $S_{t}-V_{1x}+[S, V_{0}]=0$ , $(2\mathrm{d})$
$\lambda^{0}$ : $-V_{0x}+[S, V_{-1}]=0$ , $(2\mathrm{e})$
$\lambda^{-1}$ : $-V_{-1_{x}}+[S, V_{-2}]=0$ , $(2\mathrm{f})$
$\lambda^{-2}$ : $-V_{-2_{x}}+[S, V_{-3}]=0$ , $(2\mathrm{g})$
$(2\mathrm{d})$ $V_{1}$ (2) $\lambda^{2},$ $\lambda^{3},$ $\lambda^{4},$ $\ldots$
$V_{0}$ (2) $\lambda^{0},$ $\lambda^{-1},$ $\lambda^{-2},$ $\ldots$
$V_{1}$ $V_{k}=0(k\geq 2)$ $V_{k}=0(k\geq 3)$ ...
$W_{1,1},$ $W_{1,2},$ $W_{1,3},$ $\ldots$
$.V_{0}$ $W_{0,0},$ $W_{0,-1},$ $W_{0,-2},$ $\ldots$
$V_{k}= \sum_{i=k}^{\infty}\alpha_{i}W_{1,i-k+1}$ $(k=1,2, \ldots)$ , (3a)
$V_{-k}= \sum_{j=k}^{\infty}\alpha_{-j}W_{0,-j+k}$ $(k=0,1, \ldots)$ (3b)
(2) \mbox{\boldmath $\alpha$}\sim





$\mathrm{s}\mathrm{u}(2)$ $A,$ $B,$ $C$ :
$(A, [B,C])=(B, [C, A])=(C, [A,B])$ , (6a)
$(A, [A,B])=0$ , (6b)
$[A, [B,C]]=(A,C)B-(A,B)C$. (6c)
$(S, S)=1$ (7)





$V_{k}=0(k\geq 3)$ (2b), (2c)
$V_{2}=S$, $V_{1}=-[S, S_{x}]$ (11)
(6c) (7) $[S, [S, S_{x}]]=-S_{x}$
$W_{1,2}=-[S, S_{x}]$ (12)
$V_{k}=0(k\geq 4)$ (2a), (2b), (2c)
$V_{3}=S$, $V_{2}=-[S, S_{x}]$ , $V_{1}=- \frac{1}{2}(S_{x}, S_{x})S-[S, [S, S_{xxx}]]$ (13)





$0,-1= \int_{-\infty}^{x}[S(x’, t), S_{0}]\mathrm{d}x’$ ,
(15)




$S_{t}- \alpha_{1}S_{x}-\alpha_{2}(-[S, S_{xx}])-\alpha_{3}(-S_{xx}-\frac{3}{2}(S_{x}, S_{x})S)_{x}-\cdots$
$+ \alpha_{0}[S, S_{0}]+\alpha_{-1}[S,\int_{-\infty}^{x}[S(x’,t), S_{0}]\mathrm{d}x’]$
$+ \alpha_{-2}[S, \int_{-\infty}^{x}[S(x’,t), \int_{-\infty}^{x’}[S(x’’,t), S_{0}]\mathrm{d}x’’]\mathrm{d}x’]+\cdots=0$ . (16)
$S$ $V_{1}$
$\alpha_{-1}$
$\mathrm{s}\mathrm{u}(2)$ caee $W_{1,k},$ $W_{0,-k}$ $W_{1,1},$ $W_{0,0}$
3
(3a) (2)
$-W_{1,k-1_{x}}+[S, W_{1,k}]=0$ $(k=2,3, \ldots)$ (17)
(17) $W_{1,k-1}$ $W_{1,k}$
(17) $S$ (6c) (7)
$W_{1,k}=w_{k}S-[S, W_{1,k-1_{x}}]$ $(k=2,3, \ldots)$ (18)
164
$\ovalbox{\tt\small REJECT}$
$w_{k}\ovalbox{\tt\small REJECT}$ ( $S$, Wl,k) $w_{k}$ $W_{1,k-1}$
(17) $S$ (6b)
$(S, W_{1,k_{x}})=0$ $(k=1,2, \ldots)$ (19)
(18) $x$
$W_{1,k_{x}}=w_{kx}S+w_{k}S_{x}-[S_{x}, W_{1,k-1_{x}}]-[S, W_{1,k-1_{xx}}]$ (20)
$S$ (7) $(6\mathrm{b}),\cdot(19)$
$w_{k}= \int_{-\infty}^{x}(S(x’, t),$ $[S_{x}(x’,t), W_{1,k-1_{x}}(x’,t)])\mathrm{d}x’$ (21)
(18) (21) # $W_{1,k-1}$ $W_{1,k}$




$-W_{0,k-1_{x}}+[S, W_{0,k}]=0$ $(k=0, -1, -2, \ldots)$ (22)
$W_{0,k-1}$ $W_{0,k}$
:
$0,-j= \int_{-\infty}^{x}[S(x’, t), W_{0,-j+1}(x’, t)]\mathrm{d}x’$ $(j=1,2, \ldots)$ . (23)
$W_{0,0}$ $S_{0}$ $W_{0,-1},$ $W_{0,-2},$ $\ldots$
4
$\mathrm{s}\mathrm{u}(2)$
$X_{k} \equiv-\frac{\mathrm{i}}{2}\sigma_{k}$ $(k=1,2,3)$ . (24)
165
$\sigma_{1},$ $\sigma_{2},$ $\sigma_{3}$ Pauli (8) $S_{0}$
$\ovalbox{\tt\small REJECT}=X_{3}$ (25)
(7) $S$ :
$S=\mathrm{e}^{\gamma X_{3}}\mathrm{e}^{\varphi X_{2}}X_{3}\mathrm{e}^{-\varphi X_{2}}\mathrm{e}^{-\gamma X_{3}}$ . (26)
$\gamma,$ $\varphi$ 3 2 (8)




$T_{k}\equiv \mathrm{e}^{\gamma X_{3}}\mathrm{e}^{\varphi X_{2}}X_{k}\mathrm{e}^{-\varphi X_{2}}\mathrm{e}^{-\gamma X_{3}}$ $(k=1,2,3)$ (28)
(26)
$S=T_{3}$ (29)
$[T_{i},T_{j}]= \sum_{k=1}^{3}\epsilon_{ij^{k}}T_{k}$ , $(T_{i},T_{j})=\delta_{ij}$ , (30)
$kx= \sum_{l=1}^{3}a_{k^{l}}T_{l}$ , $k=1,2,3$ , (31)
$a_{2^{3}}=-a_{3^{2}}=-\gamma_{x}\sin\varphi$ , $a_{3^{1}}=-a_{1^{3}}=\varphi_{x}$ ,
$a_{1^{2}}=-a_{2^{1}}=\gamma_{x}\cos\varphi$ , $a_{1^{1}}=a_{2^{2}}=a_{3^{3}}=0$ ,
$T_{1}=\cos\varphi\cos\gamma X_{1}+\cos\varphi\sin\gamma X_{2}-\sin\varphi X_{3}$ ,
$T_{2}=\cos\gamma X_{2}-\sin\gamma X_{1}$ , (32)




$W_{1,k_{x}}$ $[S, W_{0,-k}]$ $T_{1},$ $T_{2},$ $T_{3}$
:
$W_{1,k_{x}}= \sum_{j=1}^{3}\mu_{k}^{j}T_{j}$ , (34)
$[S, W_{0,-k}]= \sum_{j=1}^{3}\nu_{-k^{j}}T_{j}$ . (35)
(18) (20) $w_{kx}S-[S_{x}, W_{1,k-1_{x}}]$
0 $W_{1,k_{x}}$ :
$W_{1,k_{x}}=w_{k}S_{x}-[S, W_{1,k-1_{xx}}]$ $(k=2,3, \ldots)$ . (36)
(34) (36) $\mu_{k^{j}}$




$-\varphi_{x}$ I $\gamma_{x}\sin\varphi+\gamma_{x}\cos\varphi$ $\varphi_{x}$ I $\varphi_{x}+\partial_{x}$
$-\gamma_{x}\sin\varphi$ I $\gamma_{x}\sin\varphi-\partial_{x}$ $\gamma_{x}\sin\varphi$ I
$\varphi_{x}+\gamma_{x}\cos\varphi \mathrm{I}$ ,
$\partial_{x}\equiv\partial/\partial x$ , $\mathrm{I}\equiv\int_{-\infty}^{x}\mathrm{d}x’$ .
(23)
$[S, W_{0,-k}]=[S, \int_{-\infty}^{x}[S(x’,t), W_{0,-(k-1)}]\mathrm{d}x’]$ $(k=0,1,2, \ldots)$ (38)





$Q\equiv(\begin{array}{ll}q_{1}^{\mathrm{l}} q_{1}^{2}q_{2^{1}} q_{2}^{2}\end{array})$ ,
$q_{1^{1}}\equiv\sin\gamma$ I $\cos\varphi\cos\gamma-\cos\gamma$ I $\cos\varphi\sin\gamma$ ,
$q_{1}^{2}\equiv-\sin\gamma$ I $\sin\gamma-\cos\gamma$ I $\cos\gamma$ ,
$q_{2^{1}}\equiv\cos\varphi$ ( $\cos\gamma$ I $\cos\varphi\cos\gamma+\sin\gamma$ I $\cos\varphi\sin\gamma$) $+\sin\varphi$ I $\sin\varphi$ ,
$q_{2}^{2}\equiv-\cos\varphi\cos\gamma$ I $\sin\gamma+\cos\varphi\sin\gamma 1\cos\gamma$ .
(4) $\gamma,$ $\varphi$ :




$+ \sum_{n=0}^{\infty}\alpha_{-2n-1}\{-\mathrm{I}(\cos\varphi \mathrm{I}\cos\varphi+\sin\varphi \mathrm{I}\sin\varphi)\}^{n}(1\sin\varphi)=0,(41\mathrm{a})$
- $\sum_{m=0}^{\infty}\alpha_{2m}(-\varphi_{xx}1\varphi_{x}-\varphi_{x}^{2}-(\partial x)^{2})^{m}(-\varphi_{xx})$
$+ \sum_{n=0}^{\infty}\alpha_{-2n}\{-(\cos\varphi \mathrm{I}\cos\varphi+\sin\varphi \mathrm{I}\sin\varphi)\mathrm{I}\}^{n}(-\sin\varphi)=0$ . $(41\mathrm{b})$
(41a) $\mathrm{K}\mathrm{d}\mathrm{V}$ sine-Gordon
$\alpha_{3}=1$
$\alpha k$ 0 (41a) $\mathrm{K}\mathrm{d}\mathrm{V}$
$\varphi_{t}+\frac{1}{2}\varphi^{3}+\varphi_{xxx}=0$ (42)





$\alpha_{k}$ 0 (41a) Sasaki Bullough [3]
sine-Gordon
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